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comprised of an active region and an air-gap sandwiched between top and bottom distributed Bragg reflectors (DBR). The top DBR is a part of a micro-electromechanical system (MEMS) and can be moved by applying an electrostatic force which results in a change in cavity length. Electrically or optically pumped VCSELs combined with MEMS technology offer an ideal solution for wide wavelength tuning with mode-hop free emission. 3, 4 However, this solution requires a complex processing 5 and is limited by their fragility. Furthermore, these mechanical systems exhibit a relatively low switching speed which depends on the MEMS structure size (few ms). 2 Another way to obtain a wide VCSEL bandwidth is to use a liquid crystal as an electro-optic material placed inside the cavity. The liquid crystal (LC) solution provides a large refractive index variation, but the tuning speed is less than a millisecond and it also suffers from polarization dependence due to the nematic LC birefringence. Recently, the use of nano-polymer dispersed liquid crystal (PDLC) for optical applications has shown potential for polarization independence and fast tuning speed. 6, 7 In this letter, we present an original use of such an electro-optic material to provide tunability of a long wavelength VCSEL. The device using a nano-PDLC material as an electro-optic index modulator is robust and easy to fabricate. order to obtain a top mirror as illustrated in Fig. 1(a) . The use of dielectric materials for long wavelength VCSEL allows to obtain a high reflectivity with a small number of periods. 9 In our case, we use silicon dioxide and titanium dioxide material to form eight and a half pairs of Finally, the index modulator layer, whose refractive index is close to n = 1.55, has an optical length of 6λ, and can be used to obtain an isotropic refractive index variation for the plane which is perpendicular to the applied electric field. The applied bias voltage orients the LC droplets with respect to the induced electric field and hence creates a refractive index decrease. The refractive index variation is maximum when almost all of the LC droplets are oriented along the field direction. Fig. 1(b) illustrates the squared modulus of the intra-cavity stationary electrical field. The active and tuning layer thicknesses (0.7 µm and 6 µm respectively) were chosen in order to reach high enough gain for laser emission and a relatively large tuning range. A large fraction of the intensity is thus located in the nano-PDLC layer. Consequently nano-PDLC absorption must be low. The major contribution for these losses is related to the scattering of light by the LC droplets. However, for our LC droplets, the expected size is close to 100 nm and the absorption is minimized. Optical losses close to 15 cm -1 at 1.55 µm have been measured for samples comprising a nano-PDLC layer sandwiched between two glass substrate. These optical losses are observed when LC droplets are randomly oriented without electric field and they are reduced when an electric field is C. LEVALLOIS et al 5 applied. The switching time also depends on the size of the LC droplets, and it decreases as the droplet size is reduced. 11 However, the electrical field needed to switch LC droplets increases. Thus, the size of LC droplets is a crucial parameter which can be controlled by the UV power during PIPS process.
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The fabricated VCSEL have been optically pumped in order to achieve lasing emission. The optical pumping experiment consists of focusing a pulsed laser beam ( = Fig. 2 have been recorded for a pump power level equal to one and a half times the threshold pump power value at 0V. For no applied electric field, the threshold power density has been estimated at 30 kW.cm -2 and this value will be discussed afterwards. As illustrated in Fig.2 , the side-mode suppression ratio is in excess of 20 dB for the whole tuning range. The peak power emitted by the VCSEL at 0V, for the pump power used to record the lasing spectra, is 2.1 mW. The free spectral range (FSR) has been estimated using a transfer matrix formalism based on our VCSEL structure. The calculated FSR is larger than 50 nm which is highly compatible with the observed tuning range of 10 nm. Consequently, the FSR is sufficient to eliminate mode hopping during wavelength tuning. In addition, the two nearest The solid line curve plotted in Fig. 3 shows the laser peak wavelength calculated from the quadratic dependency of the refractive index with the electric field. In agreement with a previous work, 6 the simulation based on the transfer matrix formalism and this relationship provide a good approximation of the wavelength shift in the weak electrical field limit. As illustrated in Fig. 3 , for a constant pump power, the VCSEL output power depends on the applied electric field. As the applied voltage between the top and bottom DBR is increased from 0 to 170V, the VCSEL output power increases by 3 dB. However, the Thus, this variation of the emitted power can be explained by the decrease of losses related to LC droplets scattering during the wavelength tuning. When LC droplets are randomly oriented, the scattering losses inside the phase layer are higher than when the voltage is maximum and almost of the LC droplets are aligned with the applied electric field.
Consequently, the pump power threshold is higher when all the LC droplets are randomly oriented without voltage applied on the VCSEL. As previously stated, for no applied voltage, this power is close to 30 kW.cm -2 . This threshold value is high but it can be explained by optical losses which are higher than expected. As mentioned above, the UV power used during PIPS process is a crucial parameter. In our case, a part of the incident UV power is absorbed by the SiO 2 /TiO 2 dielectric Bragg mirror. Consequently the size of the LC droplets is probably larger than 100 nm which implies optical losses higher than 15 cm -1 . A spin-coated method is under study to improve the UV irradiation of the polymer in order to obtain smaller optical losses for the electro-optic layer. 6 Others optimizations can be carried out like the use of a more efficient semiconductor DBR for the bottom mirror. Larger tuning ranges could be obtained with larger birefringence LCs 13 
